WNTs are extracellular signaling molecules that exert their actions through receptors of the frizzled (FZD) family. Previous work indicated that WNT2 regulates cell proliferation in mouse granulosa cells acting through CTNNB1 (beta-catenin), a key component in canonical WNT signaling. In other cells, WNT signaling has been shown to regulate expression of connexin43 (CX43), a gap junction protein, as well as gap junction assembly. Since previous work demonstrated that CX43 is also essential in ovarian follicle development, the objective of this study was to determine if WNT2 regulates CX43 expression and/or gapjunctional intercellular communication (GJIC) in granulosa cells. WNT2 knockdown via siRNA markedly reduced CX43 expression and GJIC. CX43 expression, the extent of CX43-containing gap junction membrane, and GJIC were also reduced by CTNNB1 transient knockdown. CTNNB1 is mainly localized to the membranes between granulosa cells but disappeared from this location after WNT2 knockdown. Furthermore, CTNNB1 knockdown interfered with the ability of follicle-stimulating hormone (FSH) to promote the mobilization of CX43 into gap junctions. We propose that the WNT2/CTNNB1 pathway regulates CX43 expression and GJIC in granulosa cells by modulating CTNNB1 stability and localization in adherens junctions, and that this is essential for FSH stimulation of GJIC.
INTRODUCTION
Among the many types of paracrine signal now known to influence the development of ovarian follicles, the WNT signaling pathway has begun to attract greater attention. Several studies have identified components of the canonical (i.e., acting through CTNNB1, also known as b-catenin) WNT pathway in ovarian follicles (reviewed in [1, 2] ). In the canonical pathway, a WNT protein binds to a receptor of the frizzled (FZD) family at the cell membrane, triggering downstream events that reduce the activity of a ''destruction complex'' that ordinarily maintains CTNNB1 at a relatively low level in the cytoplasm [3] . In the presence of a WNT family member, therefore, CTNNB1 accumulates and is available to enter the nucleus to interact with TCF/LEF transcription factors to activate transcription of specific target genes (reviewed in [4] ). Experimental approaches involving genetic manipulation of WNT pathway component expression in intact mice or cultured ovary tissue have revealed roles for WNTs in both prenatal ovary development and adult folliculogenesis [1, 2] . For example, previous work in our laboratory used primary cultures to demonstrate that WNT2 drives the proliferation of granulosa cells in the mouse via the canonical pathway [5] . In that study, WNT2 overexpression in cultured granulosa cells via infection with a recombinant retroviral vector increased the proportion of cells in S phase, whereas siRNA-mediated knockdown of either WNT2 or CTNNB1 decreased it, clearly indicating that the effect of WNT2 on granulosa cell proliferation is mediated by CTNNB1.
Another important signaling pathway involved in ovarian folliculogenesis is that provided by gap junctions. Gap junctions are collections of intercellular membrane channels, formed from a family of proteins called connexins, that allow inorganic ions, second messengers, and small metabolites (,;1 kDa) to pass from cell to cell [6] . Gap-junctional intercellular communication (GJIC), also known as gapjunctional coupling, plays an important role in the regulation of cellular proliferation, differentiation, and tumorigenesis (reviewed in [7] ). During ovarian follicle growth, gap junctions couple the growing oocyte with the adjacent granulosa cells and the granulosa cells with each other, forming a functional metabolic unit (reviewed in [8] ). This coupling exists at all stages of follicle development, from primordial through tertiary (antral) and preovulatory stages, and involves the passage of a variety of molecules, including amino acids, glucose metabolites, nucleotides, and second messengers (including cAMP and cGMP), into the growing oocyte from the surrounding granulosa cells [8] . Although multiple connexins have been reported to be expressed within ovarian follicles in different species, it has been demonstrated in mice that connexin43 (CX43) is the only gap junction protein that contributes significantly to gap-junctional coupling between granulosa cells in growing follicles [8] . The importance of CX43 for granulosa cell function is demonstrated by the fact that mouse follicles lacking this connexin arrest their development in early preantral stages, producing oocytes that are developmentally incompetent [9, 10] .
The rationale for the present study was that CX43 expression has been identified as a functional target for WNT signaling in other cell types [11] [12] [13] . Based on the importance of CX43 for sustaining folliculogenesis in the mouse, we hypothesized that WNT2 stimulates CX43 expression and GJIC in the granulosa cells, helping to drive follicle growth. Another factor regulating granulosa cell proliferation is follicle stimulating hormone (FSH). In addition to stimulating follicle growth, FSH increases the expression of CX43 as well as its incorporation into gap junctions, thereby enhancing GJIC (reviewed in [14] ). Therefore, we explored the additional possibility that there is an interaction between canonical WNT signaling and FSH in regulating gap junction assembly in mouse granulosa cells in support of follicle growth.
MATERIALS AND METHODS

Ovary Collection and Culture of Granulosa Cells
Experimental procedures involving mice were approved by the Animal Use Subcommittee of the University Council on Animal Care of the University of Western Ontario and were in accordance with the International Guiding Principles for Biomedical Research Involving Animals as promulgated by the Society for the Study of Reproduction. Three-to four-week-old CD1 female mice were anesthetized with CO 2 and killed by cervical dislocation, and their ovaries were removed. Collection of granulosa cells from late secondary/early tertiary follicles for cell culture was completed as previously described [5] . Briefly, the ovaries were placed in McCoy 5A complete medium and digested with 2 mg/ml type I collagenase (Sigma-Aldrich Canada Ltd., Oakville, ON). Follicles were liberated by repeated aspiration and trypsinized to separate the granulosa cells from the oocytes, which were removed from the dish. The granulosa cells were cultured on 12-mm glass cover slips or in six-well tissue culture plates in McCoy 5A complete medium with 10% fetal bovine serum at 378C and 5% CO 2 in air. To study the effects of FSH and/or siRNA on the granulosa cells, experimental treatments were begun after overnight culture to allow cell attachment. The cells were then cultured for a further 48 h.
Transfection of siRNA
Stealth/siRNA duplex oligoribonucleotides for WNT2 and CTNNB1 were ordered from Invitrogen (Life Technologies Inc., Burlington, ON) along with negative siRNA (lacking homology with any vertebrate sequence) as a toxicity and specificity control. The optimal conditions for siRNA transfection using Lipofectamine (Life Technologies) and the selection of the most effective siRNA were determined as in our previous study [5] . Treatment with siRNAs (100 nM) was continued for 48 h after transfection. For experiments investigating the effect of CTNNB1 knockdown on FSH stimulation, the cells were transfected with CTNNB1 siRNA for 24 h, followed by a further 24 h in the presence of both siRNA and FSH. At the end of the experimental treatments, the cells were fixed as described below.
Immunolabeling
Cultured granulosa cells on cover slips were fixed with either 3.7% paraformaldehyde (PFA) in PBS at 48C for 15 min or 1:1 acetone and methanol at À208C for 20 min. The cells were then rinsed with PBS and blocked with 3% bovine serum albumin (BSA) in PBS, immunolabeled with primary antibody for at least 1 h, and incubated with appropriate fluorescent secondary antibody for at least 1 h in the dark. For double labeling, the cover slips were subsequently incubated with the second primary antibody and appropriate secondary antibody for at least 1 h each. Several PBS washes were interposed between different antibody incubations. The primary antibodies were rabbit anti-CX43 (Sigma Aldrich, Oakville, ON), goat anti-WNT2 (Santa Cruz Biotechnology, Santa Cruz, CA), and mouse anti-CTNNB1 (Abcam Inc., Toronto, ON). They were used in conjunction with appropriate secondary antibodies from Life Technologies conjugated with Alexa 488 (green) or Alexa 594 (red). Lastly, the cells were stained with 0.1% Hoechst (Life Technologies) for 10 min, followed by more washes with PBS and double-distilled H 2 O. The cover slips were mounted with polyvinyl alcohol (Sigma Aldrich) before storage at 48C. For negative controls, the cover slips were incubated without primary antibody. Fluorescent signals were captured after excitation with 488, 543, or 730 nm laser lines using a Zeiss (Thornwood, NY) LSM 510 META confocal microscope.
Proliferation Assay
Cell proliferation was quantified using the Click-iT EdU cell proliferation assay from Invitrogen, which identifies cells passing through S-phase, as described previously [5] . Briefly, cells were fixed on cover slips with 4% PFA for 20 min at room temperature, followed by 1% PFA overnight at 48C. The next morning, cells were washed with 13 PBS followed by 3% BSA in PBS twice, then incubated with 0.5% Triton X-100 (Sigma) for 20 min, followed by incubation with the Click-iT reaction cocktail for 30 min in the dark. The cells were then washed twice with PBS before incubating with 0.1% Hoechst for 10 min to stain the nuclei. After a final PBS rinse, the cover slips were mounted on slides with Airvol (Celvol 205S, Celanese Ltd., Dallas, TX). Fluorescent signals were captured after excitation with 488-and 730-nm laser lines using a LX81 Olympus microscope (Olympus Microscopy, Essex, U.K.), and the digital images were processed using InVivo3 (Media Cybernetics Inc., Bethesda, MD) and Adobe PhotoShop (Version7.0; Adobe, San Jose, CA). Cells were scored positive for being in S-phase when EdU had been incorporated into the nuclei. The percentage of EdU-positive cells in the total population of the observed field was determined for each of 10-15 fields (four fields per cover slip, with three replicate cover slips per experiment).
Gap-Junctional Dye Coupling Measurement
The strength of gap-junctional coupling after various experimental treatments was measured by dye injection. One cell in the center of a big cluster (more than eight cell layers) was impaled, and Lucifer yellow (5% in water; Life Technologies) was injected for 1 min using an Eppendorf microinjection system attached to a Leica DM IRE2 inverted fluorescence microscope with a monochrome camera (Hamamatsu Photonics, Hamamatsu, Japan). Images were analyzed with Openlab software (Perkin Elmer, Woodbridge, ON). Three different clusters on each cover slip were injected, and the percentage of cells in each cluster that had received the dye from the injected cell was determined.
Gap-Junctional Electrical Conductance Measurement
Single-electrode whole-cell patch-clamp recording was used to measure cell membrane capacitance and gap-junctional conductance as previously described [10] . Briefly, the pipettes were backfilled with solution containing 70 mM KCl, 70 mM CsCl 2 , 2 mM ethylene glycol tetraacetic acid, 4 mM MgCl 2 , 5 mM TEA-Cl -, and 10 mM HEPES (pH 7.3). The pipettes had a resistance of 3-5 MX. Cells on cover slips were bathed in solution containing 140 mM NaCl, 5.4 mM KCl, 1 mM MgCl 2 , 1.8 mM CaCl 2 , and 20 mM HEPES (pH 7.4). Voltage clamping for whole-cell recordings was carried out with an Axopatch 200B amplifier (Axon Instruments Inc., Union City, CA). The voltage clamp was applied to a single cell in the center of a big cluster. A depolarization voltage pulse (10 mV, 120-ms duration) was used to generate a transient capacitive current. The peak current and the steady-state current were measured, and the gap junctional coupling conductance (G) was estimated using the equation G ¼ I ss ÁG series /(I peak -I ss ), where G series ¼ I peak /10 mV is the series conductance between the patch pipette and the patched cell, I ss is the steady-state current, and I peak is the peak current. Currents were high-cut filtered at 10 kHz and digitized at 100 kHz. The junctional conductance in the same cover slip was recorded in three different cells, and three duplicates were completed in each treatment (n ¼ 9). Data acquisition and analysis were performed using the Digidata 1200A interface and pClamp6 software (Axon Instruments, Burlingame, CA).
Western Blotting
Whole-cell proteins were extracted with lysis buffer containing 50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 0.02% NaN 3 , 1% NP-40, 0.1% SDS, 0.5% sodium deoxycholate, 2 mM NaF, 2 mM Na 3 VO 4 , and 13 Complete Protease Inhibitor Cocktail (Hoffmann-La Roche Ltd., Mississauga, ON). Total proteins (20 lg) were separated by SDS-PAGE on 12% gels and transferred to nitrocellulose membrane using iBlot Gel Transfer Stacks (Invitrogen). The membrane was blocked with 0.5% BSA (w/v) in Tris-buffered saline with 0.5% Tween-20 (TBST) and incubated in 1:50 000 CX43 antibody (rabbit polyclonal antibody from Sigma-Aldrich) overnight at 48C followed by incubation with infrared fluorescent-labeled secondary antibody (goat anti-rabbit Alexa 680; Life Technologies). The bands were developed by the Odyssey infraredimaging system (LI-COR Biosciences, Lincoln, NE). The membrane was stripped and reprobed with internal control glyceraldehyde phosphate dehydrogenase (GAPDH) antibody (mouse monoclonal antibody; 0.1 lg/ml; clone 6C5; Chemicon, Billerica, MA) for 1 h at room temperature, followed by incubation with the corresponding infrared fluorescent-labeled secondary WANG ET AL.
antibody (goat anti-mouse Alexa 680; Life Technologies). Two washes with TBST were inserted between the antibody-treatment steps. The relative intensity of protein bands was determined in reference to GAPDH and quantified using Quantity One software (Bio-Rad Laboratories Canada Ltd., Mississauga, ON).
Statistical Analysis
Statistical analysis (Student t-test or one-way ANOVA with a post hoc test, as appropriate) was performed using the Statistical Package for Social Science (SPSS 13.0 for Windows; SPSS Inc., Chicago, IL). Data are presented as mean 6 SEM or mean 6 SD, as indicated, and P , 0.05 was the criterion for significance. In all graphical figures, different letters above bars indicate significant differences between treatments.
RESULTS
WNT2 and CX43 Are Coexpressed in Granulosa Cells
Our previous work demonstrated that WNT2 is expressed in the granulosa cells, both cumulus and mural, of mouse follicles [5] , the same cell population where CX43 is the dominant connexin [8] . To confirm coexpression of these two proteins in individual granulosa cells, their localization was examined using confocal immunofluorescence microscopy ( Fig. 1) . This analysis confirmed expression of WNT2 and CX43 in the same granulosa cells. WNT2 is mainly localized in the cytoplasm of the cells, whereas CX43, while also being detectable within the cytoplasm, is mostly in large membrane plaques typical of gap junctions.
WNT2 Regulates CX43 Expression and GJIC in Granulosa Cells
To explore a possible role for WNT signaling in regulating CX43 expression in mouse follicles, WNT2 siRNA was transfected into cultured granulosa cells. The ability of WNT2 siRNA to significantly reduce WNT2 expression (by at least 70%) was demonstrated in our previous study [5] . In WNT2 siRNA-treated cells, very few CX43-containing gap junction plaques were found in the membranes, whereas such plaques were abundant in normal (untreated) or negative siRNA-treated cells (Fig. 2A) . This apparent reduction in CX43 was confirmed by Western blotting (Fig. 2B) , revealing a significant decrease in CX43 in WNT2 siRNA-treated cells (P , 0.001). Not surprisingly, WNT2 siRNA also reduced gap-junctional coupling between the cells, as indicated by dye injection (Fig. 3A) , and reduced electrical conductance, as demonstrated by patch-clamp electrophysiology (Fig. 3B) . In normal and negative siRNA-treated cells, Lucifer yellow had diffused five or more cell layers 1 min after injection, whereas in WNT2 siRNA-treated cells, the dye usually remained in the injected cell. The corresponding reduction in electrical conductance was highly significant (P , 0.001). 
WNT PATHWAY REGULATES FOLLICLE GAP JUNCTIONS
In addition to being an important component of adherens junctions, CTNNB1 is the key player in canonical WNT signaling [3, 15] . It is abundant in mouse granulosa cells, where its level of expression and its distribution between plasma membrane and nucleus is sensitive to WNT2 [5] . In cultured granulosa cells, CTNNB1 was found to colocalize with CX43 in membrane plaques at cell-contact regions (Fig.  4A) . The possibility that CTNNB1 is required for assembly of CX43-containing gap junctions in granulosa cells was examined by CTNNB1 siRNA knockdown, the efficacy of which was established in our previous study [5] . In CTNNB1 siRNA-treated cells, very little CX43 remained in membrane plaques (Fig. 4B) , and Western blotting revealed that the overall CX43 level was markedly reduced (P , 0.001, Fig.  4C ). Once again, the reduction in CX43 was accompanied by reduction of intercellular coupling and conductance, as monitored by dye injection (Fig. 5A ) and patch-clamp electrophysiology (Fig. 5B) , respectively. The reduction in electrical conductance in CTNNB1 siRNA-treated cells was highly significant (P , 0.001).
FSH Stimulation of Granulosa Cell Proliferation Does Not Depend on CTNNB1
In our previous study [5] , it was found that CTNNB1 is required for WNT2 stimulation of granulosa cell proliferation. Another important driver of granulosa cell proliferation is the pituitary hormone, FSH, and given published reports showing that CTNNB1 facilitates FSH stimulation of gene expression in developing follicles [16, 17] , we hypothesized that it also mediates the effect of FSH on proliferation. To confirm FSH responsiveness of our cultured granulosa cells, we determined the proportion of cells in S-phase, an indication of proliferation rate, after 24-h FSH treatment in the presence of CTNNB1 siRNA or negative control siRNA. As expected, FSH significantly increased the proportion of cells in S-phase (Fig.  6 ). However, the same level of proliferation was seen in both negative siRNA-treated and CTNNB1 siRNA-treated cultures after FSH stimulation, indicating that the ability of FSH to stimulate proliferation of granulosa cells does not require CTNNB1.
FSH-Stimulated Mobilization of CX43 into Membrane Plaques Does Require CTNNB1
Previous experiments using intact animals had established that exogenous administration of FSH has the ability to augment the extent of gap-junctional membrane in granulosa cells [18] . Correspondingly, immunostaining for CX43 revealed that 24-h treatment with FSH increased both the amount of this connexin in membranes and the extent of gap junction plaques (Fig. 7A) , though the total CX43 content of the cells remained constant during this treatment (Fig. 7B) . Treatment with CTNNB1 siRNA for 24 h before and then during the 24-h FSH treatment negated this effect of FSH: most of the residual CX43 signal visible in the cells after the siRNA treatment remained in the cytoplasm after FSH treatment (Fig. 7C) . Treatment with negative siRNA had no apparent effect on the ability of FSH to mobilize CX43 into membranes and membrane plaques. These results indicate that CTNNB1 is required for the FSH-stimulated mobilization of CX43 into granulosa cell gap junctions.
DISCUSSION
The findings in this report contribute to a growing body of knowledge concerning the involvement of canonical WNT signaling in ovarian follicle development [1, 2] and add new evidence for its role in CX43 expression and GJIC by means of an interaction between this paracrine/autocrine pathway and the endocrine regulator, FSH. Short iRNA-mediated knockdown of the expression of either WNT2 or the key mediator of canonical WNT signaling, CTNNB1, in cultured granulosa cells reduced both CX43 expression and GJIC. Furthermore, CTNNB1 knockdown severely reduced the ability of FSH to mobilize CX43 into gap junction plaques, an established role of FSH in augmenting GJIC in growing follicles [14] . On the other hand, CTNNB1 knockdown did not impair the ability of FSH to drive granulosa cell proliferation, a result consistent with the finding that follicle growth continues apparently unimpeded in mice with conditional (granulosa cell-specific) knockout of Ctnnb1 [17] . One possible interpretation of these findings is that, where granulosa cell proliferation is concerned, canonical WNT2 signaling and FSH operate via intersecting pathways such that FSH can override the effect on granulosa cell proliferation caused by a reduction of CTNNB1 availability.
The Role of CTNNB1 in GJIC: Transcriptional Regulator or Substrate for Gap Junction Assembly?
WNT2 overexpression in cultured granulosa cells promotes the translocation of CTNNB1 into the nucleus [5] , implying action at the transcriptional level. Research with other cell types has confirmed that up-regulation of CX43 expression in response to WNT signaling occurs at the transcriptional level and involves an association of CTNNB1 with the promoter of the Gja1 gene encoding CX43 [11] [12] [13] 19] . Given this evidence, it is likely that WNT2 influences CX43 expression and GJIC in granulosa cells in part by up-regulating Gja1 transcription through stabilization and nuclear translocation of CTNNB1. However, it is also possible that WNT2 acts additionally through stabilization of CTNNB1 for assembly and/or maintenance of adherens junctions, where gap junctions assemble [20, 21] . Gap junctions are frequently seen to colocalize with cadherin-containing adherens junctions, and cadherins, along with their associated catenins, are among a collection of connexin-associated proteins considered the ''gap junction proteome'' [22] . Importantly, there is evidence for WNT PATHWAY REGULATES FOLLICLE GAP JUNCTIONS adherens junctions being required for the assembly and maintenance of gap junctions [23, 24] . In cardiac myocytes, for example, loss of CDH2 (N-cadherin) perturbs the organization of CX43-containing gap junctions, a deficiency that can be rescued by transfection with CDH1 (E-cadherin) [25, 26] . Since CTNNB1 siRNA knockdown in cultured granulosa cells also reduces CTNNB1 localization at the cell surface [5] , at least some of the reduction in GJIC caused by that treatment could be due to a restriction on adherens junction assembly.
Interplay Between WNT2 and FSH in Stimulating Gap Junction Assembly and Follicle Growth CX43 is essential for folliculogenesis, possibly because it provides an intercellular pathway for growth-promoting second messengers, downstream of paracrine factor-receptor activation, to pass throughout the mass of cumulus and mural granulosa cells [27] . Therefore, enhancement of GJIC could be one of the ways by which FSH stimulates granulosa cell proliferation. FSH exerts its effects in granulosa cells via cAMP-dependent protein kinase (PKA), and CTNNB1, present in transcription complexes associated with FSH-responsive genes, is required for this [16] (Fig. 8) . Research with other cell types (but yet to be confirmed in granulosa cells) has revealed that CTNNB1 interacts with TCF/LEF transcription factors to activate transcription [4] and that phosphorylation by PKA stabilizes CTNNB1, thus increasing its transcriptional activity to drive cell proliferation [28] [29] [30] . However, FSH-induced enhancement of PKA activity in granulosa cells also results in phosphorylation of CX43, increasing its movement to the plasma membrane to assemble into gap junction plaques [14] . In the present study, we showed that FSH stimulates CX43 plaque formation in the opposed membranes of cultured mouse granulosa cells and that this effect can be attenuated by CTNNB1 knockdown. Since FSH stimulation of granulosa cell proliferation in our experiments was not affected by CTNNB1 knockdown, we are inclined to think that the effects of FSH/ CTNNB1 on GJIC and proliferation are mediated by different mechanisms such that FSH can override the effect of CTNNB1 knockdown on proliferation, but not on gap junction assembly. One possible explanation for this is that two distinct populations of CTNNB1 molecules are involved: CTNNB1 that accumulates in the cytoplasm and translocates to the nucleus where it participates in activating gene transcription (i.e., the canonical WNT pathway) and CTNNB1 that associates with the plasma membrane where, together with cadherins and catenins, it participates in cell-cell adhesion, providing a physical platform for gap junction assembly. Although our siRNA-mediated knockdown was effective in significantly reducing total CTNNB1, it is possible that the two subpopulations of CTNNB1 were differentially affected. Based on our results, it would appear that CTNNB1 associated with adherens junctions is more susceptible to siRNA knockdown, resulting in greater sensitivity of GJIC to the siRNA treatment. In contrast, the subpopulation of CTNNB1 responsible for mediating the transcriptional effects of FSH on CX43 expression and the cell cycle may be less susceptible. In any case, it is clear that the canonical WNT2 signaling pathway plays an important role in follicle growth at least in part because of its role in maintaining gap-junctional communication within the follicle.
It must be noted that this work was conducted using primary monolayer cultures of granulosa cells freshly isolated from growing follicles-an experimental model that differs greatly from the three-dimensional architecture of the intact follicle, precluding certain direct interactions that may normally occur in vivo involving both the oocyte and the somatic cell components [8] . Nevertheless, both the canonical WNT2 [5] and FSH (this study) signaling pathways are preserved in the cultures, as evidenced by the fact that the cells respond to these ligands in ways consistent with follicle growth in vivo. Further experiments, including some employing intact mice, will be required to confirm and explain mechanistically the interaction between WNT2 and FSH in regulating gap junction assembly in developing follicles. The steady-state level of CTNNB1 is determined primarily by its rate of proteosomal degradation in response to phosphorylation by glycogen synthase kinase 3b (GSK3b), which, along with axin and adenomatous polyposis coli (APC), forms the CTNNB1 ''destruction complex.'' Occupancy of frizzled receptors (FZD) by WNT2 inhibits activity of the destruction complex, allowing CTNNB1 to accumulate, thus enhancing its availability to both interact with nuclear transcription factors (TF) to facilitate transcription of target genes (including Gja1 encoding CX43) and to contribute to the maintenance of adherens junctions (AJ), stable regions of opposed membranes where gap junctions (GJ) assemble. FSH action is mediated through adenylyl cyclase, the generation of cAMP, and activation of cyclic AMP-dependent protein kinase A (PKA), which phosphorylates CX43, enhancing its assembly into gap junctions. Moreover, PKA is also known to phosphorylate and stabilize CTNNB1 in some cells, providing another possible way for FSH to enhance transcription in granulosa cells initiated or enhanced by canonical WNT signaling.
